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Fig．2．9Power density disteributions for









   teSt
’＼
BeOm〔1一口． by ＾1… teSt
125 155 1帖  155 165 1ア5 185 195 205 2－5 225
IlO ｛㎜〕
Fi9．2．10Distributions of beam diameters ㎜easured from
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Fig．2．15 。一Compar i son of penetrat ion
       depth between f1at and
       hor izonta1 we1d ings in
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Fig．2．20  Me1ting process pro－
     posed by Nazarenko29〕
Fig．2．21  Distributions of Ni fi11er meta1
     added at various Positions of
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Fig．2．22  Distributions of Ni fi11er wire in some horizonta1 sections
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Fig．2．23Schematic diagram of mo1ten
meta1 f1ow in bea㎜ cavity
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Tab1e 3．1We1ding condition for investigating effect
ofbeamfocussingconditiononh㎜Pi㎎
bead format ion
Acce1erati ng vol tage V58kV
Beam current        I                     b 200冊1A
We1d1ngspeed   v100－280cm／m1n
0bject d1stance     D                     o 180㎜
Foca1 current        I                     f 4．90－5．55A
ab pa「am・te「 0．75－1．22
Ta．b1e 3．2We1di・9conditio・fori・・estigati㎎effect
of beam current on humping bead for皿at三〇n
Acce1erat『ng vo1tage V50k
Beam current        I                      b100，150，200，250，
R00，350＆400mA
We1dingspeed  “50－650cm／m｛n
Object distance     Do175mm
ab pa「amet宇「 1．0
Tab1e 3．3We1ding condition for investiga．ting effect
of we1ding position on humping bead formation
A㏄elerOtingVO1t09eVb50kV
Be㎝Current  Ib 200m＾
阯eldingsPeed  巧25－500Cm／min
ObjeCtdiStOnCe D0I75㎜
O POrOmeter O．86’ 0．92’ 1．00’ 1．08 8 1．20
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F i9．3．1  We1d ing method for Prevent ing hump i ng bead in
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Fig．3．4  Typ1ca1 appearances of hu11iping bead 1n
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   五＝沢。 ≠8θXρC必広ノ 003女z’一一…．一 （3．1）
   五＝2π／ノ     一………・・（3．2）




   仏2 ＝71石6ジ x Cノ ． x2 ノ ／ R3 ρ  ∫0σノー’・・’’・・・… （3．3）
   x＝2π沢。／。e                   …一・・…・・（3．4）
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Fig．3．13  Transverse cross－sections of EB we1ds for various
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Fig．3．19APPearances of beam cavi ty and mo1ten meta1








．1≡’ig．3．20Behavior of mo1ten ㎜eta1 and bea皿 cav－ity
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Fig．3．21Effects of beam current and we1d ing speed on
opening 1eηgth of bea皿 cavi ty
Tabユe 3．4Ca1cu1ated te㎜perature at the s ides of bea㎜ cavi ty




X（㎝） O．2 0．3 O．4 0．45 0．5
100m＾ 15291369 1241 1188 1141Temp．
















F ig．3．22  Var iat i ons in 1ength and he ight of 狐。1ten
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Fig．3．24C mParison of bead width






















（1）   （2〕   （3）   （勾〕   15〕
Fi9．3．26V・・i・ti・・i・・h・P・・f・・1t・・p・・1・h・・Atyp・h・皿Pi・g．

























bead occurred in vert ica1－uP we1din9
Fig．3．28DroP down of mo1ten meta1 during






Fi9．3．29  Effect of def1ecting ang1e on bead formation





































F ig．3．30  Effect of def1ect ing d i rect ion on bead format i on
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Fig．3．31Prevention of 1ow we1ding speed type humping bead with
def1ected  e1ectron beam in vertica1－up we1ding
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Fig．3．32  Compar ison of mo1ten meta1 f1ow dur ing
         we1ding with or without def1ected beam













































































Tab1e 4．1 We1d i ng cond i t i on
Accelero量ing vo岨。ge Vb50 kV
Beom curren－   Ib200 mA
Wddin s eed   1∫b25，50，100，200＆300cm’min
Ob’ect distonce   Do175 mm
QbPorometer  qbO．78． O－88， 1－O O． 1－15 8． 1．40
Tab1e 4．2  We1ding condit ion
A…1…t1・g・・1t・g・Vb50kV
Beam current         I                       b 200mA
N・1di・g・p・・d  リb25cm／m1n
0bject d1stance       Do175㎜

















   （1）Standard   12〕Type＾一1   ｛3〕Type＾一2
｛a〕 Effect of mo1t6n meta1 stagnat1oI1 1n beam ca）ity














耳ig．4．1SPecimens used for investigating some
behavior and so1idification Pattern
effectsOn mO1tenm ta1
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｛5）  Reg i On C
SO1idificat ion pattern
and P♀netration shaPe







































































































































11〕 12〕        ｛3〕 ｛4〕        15〕
Fi9．4．13High．P。・dPh・t・9…Ph・・f・・1t・…t・1f1・・f・・j・・tf・・…i㎎
     condition






Fig．4．14  Tansverse cross－sections of 亙B we1ds when A－1
















































（Q） Stondord （b）  Type A－2
Fig．4．16ComParisonofso1idificationPattemincase

























  PR＝ 〃γ  6伽／乞m2ノ   ・・・…一・ （4． 3）
La㎎muirの蒸発量の式よリ㎜は次式で与えられる。




  γ ＝2  2石τ πM  6o〃／念2ノ        （4．5）
  R；気体定数（R：8，314x l07erg／deg mo1）
したがって、P。は次式で示すように、飽和蒸気圧ρに比例した値となる。


















  p苫＝ρ8力  伽刀／6m2ノ）           一・・…… （4． 9）


























































Fig．4．20So11d1f1cat1oη patterns 1n 1ong1tud1na1 sect1on when Fe－20Mn


















       Vb＝50kVIb＝200mA・b＝25cm／min
Fi9．4．2！  So1idification pattern in
     1ongitudina1 section when
     B－3typesPecimenwaswe1ded
     at （ユb＝1．40
Fi9．4．22  So1idification Pattern
     in 1ongitudina1 section
     when B－4 type spec imen






























Fig．4．230ccurrence of mo1ten meta1 stagnat1on 1n case of 1nsert1ng




































Fi9．4．25  So1idificat ion Pattern in 1ongitudina1 section when
     SS41 stee1 was we1ded at  （』＝0．88
一71一一
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O〕      ω 1引     10〕
Fig．4．28Variation in so1idi fication wa11 with time in case of
we1ding C－2 type specimen at  αb＝！．00
一73一
Fig．4．29  HighsPeed PhotograPhs of mo1ten meta1 behavior

















































8eom covity 8・ mo・tenmetol behoviour
鵜帽n
（α〕Qチ1．O  （Oown i◎cus） （b）C』F1，O  （」ust focus）
，
（c） αデ1－0  （upper fOcus）
Fig．4．30  Schematic diagra皿s of beam distribut三〇n pattern and mo且ten


































（b）  Feeded Ni ot the center
Fig．4．31  Distribution of Ni fi11er ㎜eta1 feeded
     at the toP or center of Penetration
一77一
L1quld  meto■
（1） ｛2〕      （3， μ）
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（1） （2） （3， ｛4）
｛5）
Fig．4．34For㎜ation mechanism of concaved so1idification when





























































     focuss ing condition on spiking phenomenon
Acce1erating vo1tage    Vb50kV
B・・m・・・…t    Ib200mA
W・1di・g・p・・d   ・b25cm／min
Focu・1・・・・・・…t  If4．98A
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Fig．5．5Effect of bea㎜ dia㎜eter at the root on root
poros i ty s ize Lp， mean spiking 王ength  △hp

















｛o〕 Type ＾   〔b〕 Type B
Fig・5・6T・・typ・・ofb・a・di・・ete・di．t．ib．tio．
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Fig．5．7C㎝ParisongfLp，△hp and
hp between A and B types of
e1ectron beam
Fig．5．8Re1ationship between spik－
ing formation and Penetra－
tion depth for two types
of e1ectron beam
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Fig．5．9Effect of we1ding sPeed on sPiking Phenomenon
一89一






Fig．5．ユ0  Longitudina1 section near the root in case
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Fig．5．11 Variat ion in X－ray intens ity
        gen6rated at various Posi－
        tions a1ong Penetration for
        down focuss ing condition
Fig．5．12 Variation in X－ray intens ity
       generated at various Posi－
        tions a工。ng Penetration for
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Fig．5．13Distributions of X－ray intensity and bead width
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Fig．5．14D i str ibut ions of X－ray intens i ty and bead w idth
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Fig．5．16 Absorption of X－ray
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Fi9．5．19Sche㎜aticd三agramofbehaviorof㎜1ten㎜eta1
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第6章 溶接欠陥を防止するための基本的    指針と電子ビーム形状制御による
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Fig．6．7  Modification of beam configuration for preventing
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Fig．6．8Effect of beam modification
coi1 current on beam diameter
in X axis
Fi9．6．9Effect of beam modification



















    ■一I！o＾
    ・…O・… I・1＾
 自    一・・ポ・・1；！2＾
ε   一ロー1、・5＾
支 3日  δ、1・’＼
g         口
畠
∵ ／、
       口   ＾        ／o
。      ．／1ミ杢 ≦〃‘
125    1ヨ5    1＾5    155    165     1ア5    185    195    205    215    225
          0o            〔㎜，
Fig・6・ユODi・t・ib・ti…fb…di・鵬t・・i・Y。。i．f。。。。。i。。。b。。皿





















］25 155 1帖 155 165 175 185 195 205 215 225
          Do            一㎜1〕
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Fig．6．12Power dens ity distribut ions
in X axis
Fig．6．13Power dens ity distri－
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Fig．6．16  Schemat ic d idagram of feedback contro1 c i rcui t for suPPress ing
     sPikin9
一121一
Tab1e 6．2  We1d ing cond i t ion for suPPres s ing sp i k ing
A…1…ti・g・砒・g・    Vb50kV
Beam c口rrent                   Ib200mA
We1ding speed                  vb25cm／皿in
F・…1・・・…説皿工。． ．If 4．98A
B・a㎜modifi・・ti・… i1・・・…t I。0－3＾
0bjec1二ive distance             I〕o135＿195㎜
Tab1e 6．3  We1（1ing condition for feedback contro1
A㏄e1…ti・g・・1t・g・    Vb50kV
B・am・・・…t       IbI80mA
W・1di・g・p・・d       ・b25c㎜／㎜in
Fo㎝・1・・・・・・…t     If 4．98A
Bea㎜ ㎜odification coi1 current   I                                S 0－3A
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Fi9．6．25  SuPPression of sPiking and root Poros ity by feedback contro1
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